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© Phase detector. 

© A phase difference signal generator (10) re- 
sponds to two input signals (fv, fr) to generate two 
phase difference signals (Av, Ar) which rise at a time 
interval corresponding to the phase difference be- 
tween the two input signals and fall at the same 
time. A lagging signal detector (15) detects a lagging 
one of the two phase difference signals and a pulse 
generator (17) responds to the detected output from 
the lagging signal detector (15) to generate an ap- 
pendage pulse of a width larger than a predeter- 



mined width. The appendage pulse (Afr, Afv) is 
appended, by a pulse appending circuit (16), to each 
of the two phase difference signals to form an ex- 
tended phase difference signal (<£v, <*>r). A phase 
difference detector (14) detects the difference be- 
tween the two extended phase difference signals 
and outputs a low-frequency component of the dif- 
ference as a voltage corresponding to the phase 
difference between the two input signals. 
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BACKGROUND OF THE INVENTION 

The present invention relates to phase detector 
for use in a phase-locked loop, for instance. 

The phase detector is applied, for example, to 
a phase-locked loop as shown in Fig. 1. As is well- 
known in the art, the phase-locked loop comprises, 
for instance, a phase detector 1 , a low-pass filter 2, 
a voltage-controlled oscillator 3, and a 1/N fre- 
quency divider 4. 

The phase detector 1 receives a signal of a 
reference frequency fr, compares the phase of the 
input signal fr and the phase of a signal fv from the 
1/N frequency divider 4, and applies the phase 
detected output Kp D to the voltage-controlled os- 
cillator 3 via the low-pass filter 2. The oscillation 
frequency fout of the voltage-controlled oscillator 3 
is controlled so that the two input signals fr and fv 
to the phase detector 1 may become in-phase with 
each other, with the result that the output fre- 
quency fout becomes equal to N*fr. 

Fig. 2 shows the construction of the conven- 
tional phase detector 1. The phase detector 1 is 
made up of a phase difference signal generator 10 
and a phase difference detector 14. The phase 
difference signal generator 10 includes two D flip- 
flops 11 and 12 and a NAND gate 13. The two 
signals fv and fr to be compared in phase are 
applied to clock input terminals CK of the D flip- 
flops 11 and 12, respectively. A voltage VCC of an 
H-logic level is applied to a date input terminal D of 
each of the D flip-flops 11 and 12. 

Phase difference signals <f>v and <f>r from output 
terminals Q of the D flip-flops 11 and 12 are 
applied to two inputs of the NAND gate 13, the 
output of which is fed to clear terminals CLR of the 
D flip-flops 11 and 12. Consequently, when the 
output terminals Q of the D flip-flops 11 and 12 
both go to H-logic, the D flip-flops 11 and 12 are 
cleared and the output terminals Q both return to 
the L-logic state. 

In this way, there can be obtained at the output 
terminals Q of the D flip-flops 11 and 12 the two 
phase difference signals <*>v and <*>r which rise at a 
time interval corresponding to the phase difference 
<t> between the two input signals fv and fr but 
simultaneously fall as depicted in Fig. 3. The phase 
difference signals <f>v and 4>r are provided to the 
phase difference detector 14. The phase difference 
detector 14 detects the difference in rise time 
between the phase difference signals <pv and <f>r 
and outputs the difference after subjecting it to low- 
pass filtering. Thus it is possible to obtain a voltage 
Vout corresponding to the phase difference <t> be- 
tween the two input signals fv and fr. 

With the construction of the phase detector 1 
shown in Fig. 2, as the phase difference between 
the two input signals fv and fr approaches zero, the 



pulse widths of the phase difference signals <t>v and 
<t>r provided from the output terminals of the D flip- 
flops 1 1 and 1 2 become very narrow as depicted at 
the right-hand side in Fig. 3, resulting in the peak 
5 values of the phase difference signals <£v and <f>r 
becoming unstable. In order words, the peak values 
of the phase difference signals 4>v and 4>r gradually 
diminish as the phase difference <t> is reduced 
toward zero. 

10 As the result of this, when the phase difference 

is close to zero, the output voltage of the phase 
difference signal generator 10 becomes extremely 
low and its sensitivity also lowers accordingly. In 
consequence, the phase difference between the 

is two signals fv and fr and the output voltage Vout 
bear a relationship which is nonlinear in the vicinity 
of the phase difference <f> equal to zero as depicted 
in Fig. 4, and the gain of the phase detector 1 is 
reduced accordingly. That is to say, the phase 

20 detector 1 has a dead zone AD in the vicinity of 
the phase difference <f> equal to zero, and hence is 
defective in that the output frequency fout of the 
phase-looked loop varies in the range of the dead 
zone AD. 

25 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a phase detector the gain of which does 

30 not decrease even when the phase difference be- 
tween two input signals is close to zero. 

The phase detector according to the present 
invention includes: phase difference signal generat- 
ing means for generating two phase difference 

35 signals which rise at a time interval corresponding 
to the phase difference between two input signals 
but fall at the same time; lagging signal detecting 
means for detecting the arrival of a lagging one of 
the two input signals; pulse generating means for 

40 generating an appendage pulse of a pulse width 
greater than the width of the above-mentioned 
dead zone, based on the lagging signal detecting 
timing; pulse appending means for appending the 
appendage pulse to each of the two phase dif- 

45 ference signals to create two extended phase dif- 
ference signals; and phase difference detecting 
means for detecting the difference between the two 
extended phase difference signals and for output- 
ting a low-frequency component of the difference 

so as a voltage corresponding to the phase difference 
between the two input signals. 

According to the present invention, the two 
phase difference signals, which rise at a time inter- 
val corresponding to the phase difference between 

55 two input signals and fall at the same time, are 
each appended with a pulse of a width larger than 
that of the dead zone, and consequently, even if 
the phase difference between the two input signals 
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is zero, the phase difference detecting means is 
supplied with the extended phase difference de- 
tecting means is supplied with the extended phase 
difference signals of a width large than that of the 
dead zone. This enables the phase difference de- 
tecting means to stably perform the difference cal- 
culating operation, and hence permits avoidance of 
the reduction of the gain. Thus the present inven- 
tion prevents the generation of the dead zone in 
the vicinity of the phase difference equal to zero 
and offers a phase detector of good linearity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the construc- 
tion of a phase- locked loop, showing an exam- 
ple of application of a phase detector; 
Fig. 2 is a connection diagram showing the 
construction of a conventional phase detector; 
Fig. 3 is a waveform diagram for explaining the 
operation of the conventional phase detector; 
Fig. 4 is a graph showing the detection char- 
acteristic of the conventional phase detector; 
Fig. 5 is a connection diagram illustrating an 
embodiment of the phase detector according to 
the present invention; 

Fig. 6 is a waveform diagram for explaining the 
operation of the phase detector according to the 
present invention; 

Fig. 7 is a circuit diagram illustrating another 
embodiment of the present invention; 
Fig. 8 is a graph showing the detection char- 
acteristic of the phase detector according to the 
present invention; and 

Fig. 9 is a circuit diagram illustrating still another 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In Fig. 5, illustrates an embodiment of the 
phase detector according to the present invention. 
The phase detector of the present invention is 
identical with the prior art example of Fig. 2 in the 
provision of the phase difference signal generator 
10 for generating two phase difference signals Av 
and Ar which rise at a time interval corresponding 
to the phase difference <f> between the two input 
signals fv and fr but fall simultaneously and the 
phase difference detector 14 which detects the 
phase difference between the two phase difference 
signals and outputs a low-frequency component of 
the difference. According to the present invention, 
a lagging signal detecting circuit 15 for detecting 
the arrival of a lagging one of the two input signals 
fv and fr, a pulse generating circuit 17 responsive 
to the detected output from the lagging signal 
detecting circuit 15 to generate and appendage 



pulse of a width larger than that AD of the dead 
zone of the phase difference detector 14 and a 
pulse appending circuit 16 for appending the ap- 
pendage pulse to each of the two phase difference 
s signals output from the phase difference generator 
10 are provided between the phase difference sig- 
nal generator 10 and the phase difference detector 
14. 

The lagging signal detecting circuit 15 is 
10 formed by a D flip-flop, for example, and the pulse 
generating circuit is made up of two AND gates 
17A and 17B connected to two output terminals Q 
and Q of the D flip-flop 1 5 and an OR gate 1 7c for 
ORing the outputs of the two AND gates 17A and 

15 17B. The D flip-flop 15 has its data input terminal D 
and clock input terminal CK connected to the out- 
put terminals Q of the D flip-flops 11 and 12 
forming the phase difference signal generator 10, 
respectively, and the D flip-flop 15 is supplied with 

20 the two phase difference signals Av and Ar. 

In the embodiment of Fig. 5 the signal fv is 
applied to the clock input terminal CK of the one D 
flip-flop 11 forming the phase difference signal 
generator 10, the data input terminal D of the D 

25 flip-flop 15 forming the lagging signal detector is 
connected to the output terminal Q of the D flip- 
flop 11, the signal fr is applied to the clock input 
terminal CK of the D flip-flop 12, and the clock 
input terminal CK of the D flip-flop 15 forming the 

30 lagging signal detector is connected to the output 
terminal Q of the other D flip-flop 12 forming the 
phase difference signal generator 10. 

The AND gate 17A of the pulse generator 17 is 
supplied at the other input terminal with the input 

35 signal fr and the AND gate 17B is supplied at the 
other input terminal with the input signal fv. If the 
signal Av provided from the output terminal Q of 
the D flip-flop 1 1 has already been at the H level at 
the point of time when the signal Ar which is 

40 provided from the output terminal Q of the D flip- 
flop 12, that is, if the input signal fr is a lagging 
signal, than the output at the terminal Q of the D 
flip-flop 1 5 goes to the H-logic level at the point of 
time when the lagging signal fr rises. Consequent- 

45 ly, when the input signal fr which is a lagging 
signal rises and then the phase difference signal Ar 
rises in response thereto, the D flip-flop 15 reads 
therein the H-logic output provided at the output 
terminal Q of the flip-flop 11 and provides an H- 

50 logic output at the output terminal Q. Thus, in this 
instance the AND gate 17A is enabled, through 
which the input signal fr is output as an appendage 
pulse Afr to be generated. 

On the other hand, in the case where the input 

55 signal fr is leading the other input signal fv, when 
the signal fr rises, the output at the terminal Q of 
the flip-flop 12 goes to the high level and at this 
point the output at the terminal Q of the D flip-flop 



3 



5 



EP0 500 014 A2 



6 



11 is low. and the D flip-flop 15 forming the lagging 
signal detector reads therein the L-logic output 
from the flip-flop 1 1 . Consequently, in this case, 
the D flip-flop 15 forming the lagging signal detec- 
tor outputs the H-logic level at the output terminal 
Q, and hence the AND gate 17B is enabled, 
through which the input signal fv is output as an 
appendage pulse Afv to be generated. 

In this way, the lagging signal detector 15 
detects a lagging one of the input signals fv and fr, 
and the AND gates 17A and 17B of the pulse 
generator 17 output, as the appendage pulse Afv or 
Afr, the lagging one of the input signals fv and fr. 
The appendage pulse Afv or Afr thus produced is 
provided via the OR gate 17C to the pulse appen- 
ding circuit 16. The pulse appending circuit 16 
includes two OR gates 16A and 16B, which are 
supplied at one input terminals with the appendage 
pulse Afv or Afr at the other input terminals with 
the phase difference signals Av and Ar which are 
provided from the output terminals Q of the D flip- 
flops 11 and 12. respectively. The appendage 
pulse Afv or Afr is appended to the two phase 
difference signals Ac and Ar to form the extended 
phase difference signals <*>v and <f>r- 

Fig. 6 shows the above-described operation. In 
this example the input signal fv leads the signal fr 
by <t> as shown on Rows A and B. The D flip-flops 
11 and 12 output the phase difference signals Av 
and Ar shown on Rows C and D. Since the signal fr 
lags the signal fv, the output terminal Q of the 
lagging signal detector 15 goes high, by which the 
gate 17A is enabled and the signal fr is output, as 
the appendage pulse Afr, from the pulse generator 
17 as shown on Row E in Fig. 6. In the pulse 
appending circuit 16 the phase difference signals 
Av and Ar are respectively appended with the 
appendage pulse Afr and output as the extended 
phase difference signals <£v and 4>r shown on Rows 
F and G in Fig. 6, which are applied to the phase 
difference detector 14. 

In a manner similar to the prior art example of 
Fig. 2, the phase difference detector 14 detects the 
difference between the two extended phase dif- 
ference signals <f»v and <f>r and then outputs a low- 
frequency component of the difference as a voltage 
corresponding to the phase difference <t> between 
the input signals fv and fr. Even if the phase 
difference <t> between the two input signals fv and fr 
is smaller than the width AD of the dead zone, the 
phase difference detector 14 stably operates, be- 
cause the extended phase difference signals <f>v 
and <t>x each have a pulse width larger than the 
width AD of the dead zone. Assume, however, that 
the pulse widths of the input signals fv and fr 
themselves are larger than the dead zone width 
AD. 

Fig. 7 illustrates another embodiment of the 



present invention. The phase difference signal gen- 
erator 10, the lagging signal detector 15, the pulse 
generator 17 and the pulse appending circuit 16 
are exactly identical in construction with those used 
5 in the Fig. 5 embodiment, and hence no descrip- 
tion will be given of them. In this embodiment the 
phase difference detector 14 is formed by current- 
driven circuits so that it is capable of high-speed 
operations. 

io A transistor Q1, switching diodes D1, D2 and a 

transistor Q2 are connected in series, and the 
types and directions of the transistors Q1 and Q2 
and the directions of the diodes D1 and D2 are 
selected so that constant currents h and 12 of the 

is same magnitude may flow in the series connection 
in the same direction (opposite directions with re- 
spect to the transistors Q1 and Q2). A +15 V 
power supply and -15 V power supply are respec- 
tively connected via resistors to both ends of the 

20 series connection, by which the currents ii and 12 
are supplied to the transistors Q1 and Q2 which 
are effecting constant current operation. The con- 
nection point CP of the switching diodes D1 and 
D2 is connected to an inverting input terminal of an 

25 operational amplifier forming a current- voltage con- 
verter 14D and is held at a virtual grounding poten- 
tial. The input transistors Q1 and Q2 have their 
collectors connected to the anode of a switching 
diode D3 and the cathode of a switching diode D4, 

30 respectively. The extended phase difference signal 
<f>v applied to an input terminal 14B is provided to 
the cathode of the switching diode D3 via a bias 
adjusting series-connected diode pair Db1. The 
extended phase difference signal <£r applied to an 

35 input terminal 14C is inverted by an inverter 14E, 
thereafter being provided to the anode of the 
switching diode D4 via a bias adjusting series- 
connected diode pair Db2. 

When the extended phase difference signal £v 

40 is H-logic, the potential at a connection point P1 is 
higher than the virtual grounding potential at the 
connection point CP, so that the switching diode 
D3 is turned OFF and the switching diode D1 ON. 
Consequently, the constant current h flowing 

45 across the transistor Ql is applied, as a current 
+ ipo » to the current-voltage converter 14D. When 
the extended phase difference signal <f>v is L-logic, 
the potential at the connection point PI is a junc- 
tion voltage of the bias adjusting series-connected 

50 diode pair Db1 and hence is lower than the poten- 
tial at the connection point CP, tuning ON the 
switching diode D3 and OFF the switching diode 
D1 . Consequently, the constant current h flows into 
the -15 V power supply via the diode D3 and the 

55 current +i PD is zero. On the other hand, when the 
extended phase difference signal </>r is H-logic, the 
potential at a connection point P2 is a junction 
voltage of the bias adjusting series-connected di- 
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ode pair Db2 and hence is I ower than the virtual 
grounding potential at the connection point CP, so 
that the switching diode D4 is turned OFF and the 
switching diode D2 ON. Consequently, the constant 
current 12 flowing across the transistor Q2 is sup- 
plied as a current -i PO from the current-voltage 
converter 14D. When the extended phase differ- 
ence signal <f>r is L-logic, the potential at the con- 
nection point P2 is sufficiently higher than the 
potential at the connection point CP, turning ON 
the switching diode D4 and OFF the switching 
diode D2. Hence the constant current \2 flowing in 
the transistor Q2 is supplied from the + 1 5 V power 
supply via the diode pair Db2 and the diode D4 
and the current -i PD is zero. 

As will be seen from the above, when the 
extended phase difference signals <£>v and 4>r are 
both H-logic, the switching diodes D1 and D2 are 
simultaneously turned ON and the input currents 
+ i PO and -i PD cancel each other and become zero, 
with the result that the constant current h in the 
transistor Q1 flows into the transistor Q2. That is, 
the output voltage of the current-voltage converter 
14D is zero. When the extended phase difference 
signals <t>v and <t>r are both L-logic, the switching 
diodes D1 and D2 are simultaneously turned OFF, 
and also in this instance, the output voltage of the 
current-voltage converter 14D is zero. When the 
signal <frv is H-logic and the signal <f>r is L-logic, the 
constant current h flows, as the current +i PD . into 
the current-voltage converter 14D, from which is 
provided a voltage corresponding to the current. 
When the signal <>v is L-logic and the signal <>r H- 
logic, the constant current h is supplied, as the 
current -i P0 , to the current-voltage converter 14D, 
from which is provided a voltage corresponding to 
the current. The output voltage of the current- 
voltage converter 14D is averaged by a low-pass 
filter composed of a capacitor C and a resistor R, 
thereafter being provided, as the voltage Vout pro- 
portional to the phase difference <J> between the two 
input signals fv and fr, to a terminal 14A. 

Fig. 8 shows the phase detection characteristic 
of the phase detector depicted in Fig. 7. The phase 
detector according to the present invention is able 
to perform phase detection with good linearity be- 
tween v and -it , as shown. 

In the embodiments of Figs. 5 and 7 it is also 
possible to employ a construction in which the 
NAND gate 13 is used also as the lagging signal 
detector 15 and the pulse generator 17 is a one- 
shot multivibrator which outputs pulses of a fixed 
width. Fig. 9 illustrates such a modification of the 
Fig. 5 embodiment. One of the input signals fv and 
fr rises when the output of the NAND gate 13 is H- 
logic, and then when the other input signal rises, 
the NAND gate 13 responds thereto to make its 
output L-logic. In other words, the rise time point of 



the lagging one of the input signals is thus de- 
tected. Triggered by the rise of the NAND gate 13, 
the one-shot multivibrator 1 7 outputs an appendage 
pulse of a width which is, for example, one half the 

5 period of the signal fv (equal to the period of the 
signal fr and longer than the dead zone width AD). 
The appendage pulse thus generated is applied to 
the pulse appending circuit 16, wherein it is appen- 
ded to each of the phase difference signals Av and 

10 Ar to form the extended phase difference signals 
<j>v and 4>r. 

This embodiment is advantageous in that even 
when the duty ratio of each of the input signal fv 
and fr is smaller than 50%, the phase difference 4> 

15 can be detected in the range of from n to + . 
Since the one-shot multivibrator for generating a 
pulse of a fixed width is difficult to operate at high 
speed, however, the Fig. 9 embodiment is suitable 
for phase detection at relatively low frequencies. In 

20 contrast to this, the pulse generator 17 in the 
embodiments of Figs. 5 and 7 outputs the lagging 
signal fv or fr detected by the lagging signal detec- 
tor 15, as the appendage pulse via the gate 17A or 
17B, so that when the duty ratios of the signals fv 

25 and fr become smaller than 50%, the range over 
which the phase difference can be detected by the 
phase difference detector 14 becomes narrower 
than the above-mentioned range of between -n and 
+ 7T . However, since the lagging signal detector 15 

30 and the pulse generator 17 are capable of high- 
speed operation, the embodiments of Figs. 5 and 7 
are suitable for phase detection at high frequen- 
cies. In particular, in the Fig. 7 embodiment the 
phase difference detector 14 detects the phase 

35 difference while cancelling the in-phase compo- 
nents of the signals 4>v and </>r by switching the 
currents h and 12 by the diodes D1 through D4, 
and hence is capable of operating at far higher 
speed than the phase difference detector 14 in the 

40 Fig. 5 embodiment. 

As described above, the present invention em- 
ploys the construction in which the phase differ- 
ence signals Av and Ar are each appended with an 
appendage pulse of a width larger than the width of 

45 the dead zone of the phase difference detector 14 
and then are applied thereto-this ensures that the 
extended phase difference signal Afv or Afr of a 
pulse width larger than the dead zone width is 
applied to the phase difference detector 14, even if 

50 the phase difference between the input signals fv 
and fr approaches zero. Hence, even if the peak 
values of the phase difference signals Av and Ar, 
which are detected in the vicinity of the phase 
difference <f> equal to zero, vary and become small, 

55 it is possible to stably perform the phase detection 
without being affected by such varying peak values 
of the phase difference signals and eliminate the 
dead zone of the phase difference detector. 

5 
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It will be apparent that many modifications and 
variations may be effected without departing from 
the scope of the novel concepts of the present 
invention. 

5 

Claims 

1. A phase detector comprising: 

phase difference signal generating means 
for generating two phase difference signals 10 
which rise at a time interval corresponding to 
the phase difference between two input signals 
and fall at the same time; 

lagging signal detecting means for detect- 
ing the arrival of a lagging one of said two 15 
input signals; 

pulse generating means responsive to the 
detected output of said lagging signal to gen- 
erate an appendage pulse which rises at the 
time point of detection of the lagging signal 20 
and has a pulse width larger than a predeter- 
mined width; 

pulse appending means for appending 
said appendage pulse to each of said two 
phase difference signals to form two extended 25 
phase difference signals; and 

phase difference detecting means for de- 
tecting the difference between said two ex- 
tended phase difference signals and for output- 
ting a low-frequency component of the de- 30 
tected difference as a voltage corresponding to 
the phase difference between said two input 
signals. 

2. The phase detector of claim 1 wherein said 35 
lagging signal detecting means is formed by a 

. D flip-flop which is supplied at its data terminal 
with the one of said two phase difference sig- 
nals and at its clock input terminal with the 
other of said two phase difference signals, and 40 
wherein said pulse generating means is 
formed by first and second AND gates which 
are supplied at one input terminal with a non- 
inverted output and an inverted output of said 
D flip-flop, respectively, and at the other input 45 
terminals with said two input signals, respec- 
tively, and an OR gate which outputs the OR of 
the outputs of said first and second AND gates 
as said additional pulse. 

50 

3. The phase detector of claim 1 wherein said 
phase difference signal generating means in- 
cludes first and second flip-flops which are 
supplied at their clock input terminals with said 

two input signals, respectively, and respond to 55 
the rising of said input signals to output pre- 
determined logic levels, and AND gate means 
which is supplied at one and the other input 
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with the outputs of said first and second flip- 
flops and generates a setting signal for setting 
said first and second flip-flops to their initial 
state when their outputs are both said pre- 
determined logic levels, wherein said lagging 
signal detecting means is used also as said 
AND gate means, and wherein said pulse gen- 
erating means is a one-shot multivibrator which 
responds to said setting signal from said AND 
gate means to generate said appendage pulse 
of a fixed width larger than said predetermined 
width. 

4. The phase detector of claim 1 wherein said 
phase difference detecting means includes: 

first and second constant-current circuit 
means for supplying constant currents of re- 
verse polarities; 

first and second switching diodes having 
their anodes connected to the output of said 
first constant-current circuit means; 

third and fourth switching diodes having 
their cathodes connected to the output of said 
second constant-current circuit means, the 
cathode of said first switching diode being 
connected to the anode of said third switching 
diode; 

current-voltage converting means connect- 
ed to the connection point of said first and 
third switching diodes, for converting an input 
current thereto into the corresponding voltage; 

low-pass filter means for averaging the 
output voltage of said current-voltage convert- 
ing means and for outputting it as a voltage 
corresponding to the phase difference between 
said two input signals; 

first bias control means for providing a 
control bias to the cathode of said second 
switching diode so that when one of said two 
extended phase difference signals from said 
pulse appending means has the one logic lev- 
el, said first and second switching diodes are 
turned ON and OFF, respectively, and when 
said one extended phase difference signal has 
the other logic level, said first and second 
switching diodes are turned OFF and ON, re- 
spectively; and 

second bias control means for providing a 
control bias to the anode of said fourth switch- 
ing diode so that when the other of said two 
extended phase difference signals from said 
pulse appending means has the one logic lev- 
el, said third and fourth switching diodes are 
turned ON and OFF, respectively, and when 
said other extended phase difference signal 
has the other logic level, said third and fourth 
switching diodes are turned OFF and ON, re- 
spectively. 
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5. The phase detector of claim 3 or 4 wherein 
said predetermined width is the width of a 
dead zone of said phase difference detecting 
means. 

5 
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© A phase difference signal generator (10) re- 
sponds to two input signals (fv, fr) to generate two 
phase diflerence signals (Av, Ar) which rise at a time 
interval corresponding to the phase difference be- 
tween the two input signals and fall at the same 
time. A lagging signal detector (15) detects a lagging 
one of the two phase difference signals and a pulse 
generator (17) responds to the detected output from 
the lagging signal detector (15) to generate an ap- 
pendage pulse of a width larger than a predeter- 



mined width. The appendage pulse (Afr, Afv) is 
appended, by a pulse appending circuit (16), to each 
of the two phase difference signals to form an ex- 
tended phase difference signal (<£v, <£r). A phase 
difference detector (14) detects the difference be- 
tween the two extended phase difference signals 
and outputs a low-frequency component of the dif- 
ference as a voltage corresponding to the phase 
difference between the two input signals. 
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